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S U M M A R Y
Objectives: To assess the epidemic trends of syphilis and to investigate syphilis infections after exposure
to infectious patients.
Methods: A total of 17 211 syphilis patients from the period January 1999 to September 2012 were
enrolled in this study. A variety of syphilis prevalence measures were evaluated. We analyzed the
characteristics of 2954 cases using available information. Of these patients, 535 early syphilis cases were
identiﬁed as index patients and the status of their sexual partners was monitored. All sexual partners
were followed for 6 months to 1 year through serological testing and clinical examinations.
Results: The proportion of syphilis-positive clients at the sexually transmitted disease (STD) clinic
increased annually, with a ﬁve-fold increase from 1999 to 2011 (from 6.1% to 30.0%). The highest
increase in syphilis infection occurred among patients in the 20–29 years age group. Male and female
cases increased at the same rate between 1999 and 2007, but female cases increased at a greater rate
than male cases from 2008 to 2012. Of the 535 sexual partners in the study, 330 (61.7%) were infected
with syphilis and 205 (38.3%) were seronegative without any symptoms. Gender may inﬂuence disease
infection rates (p = 0.008), but not at different stages of early syphilis.
Conclusions: There was an increasing trend of syphilis infection in Hefei, China. A proportion of highly
exposed individuals could be resistant to syphilis infection.
 2013 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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Syphilis is a typical sexually transmitted disease (STD) with
diverse and wide-ranging manifestations and is caused by
Treponema pallidum.1 It is a serious public health concern
worldwide due to its global reach and its associated complica-
tions.2 Even with the availability of relatively sensitive tests and
effective treatments, syphilis is re-emerging with increasing
prevalence in many countries. The effective control of syphilis
remains a formidable challenge. In 1999, the World Health
Organization estimated that there were 12 million new cases of
syphilis, with more than 90% of those cases occurring in developing
countries (http://www.who.int/hiv/pub/sti/who_hiv_aids_2001.
02.pdf). Syphilis has had a dramatic resurgence following recent
economic reforms in China, and its prevalence has increased* Corresponding author. Tel.: +86 551 5161002; fax: +86 551 5161016.
E-mail address: yangsen@medmail.com.cn (S. Yang).
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http://dx.doi.org/10.1016/j.ijid.2013.05.007sharply in the past 5 years.3,4 Presently, syphilis is ranked as the
third most prevalent notiﬁable infectious disease in China.5
The rapid spread of syphilis is likely due to a combination of
biological and social factors. Previous studies have suggested that
the spread of sexually transmitted infections is related to economic
development,6 and have found a higher burden of syphilis in more
developed provinces of China.3 With recent economic growth, the
capital of Anhui Province, Hefei, has experienced a substantial
syphilis epidemic over the past two to three decades. Understand-
ing the dynamic pattern of syphilis is important to determine how
to design effective interventions to reduce the resurgence of
syphilis epidemics.
In China, assessing the epidemiology of syphilis largely relies on
the surveillance from case reports submitted by hospitals or clinics
through a website-based case-reporting system.3 A measure that is
commonly used to interrupt disease transmission is to monitor and
follow the sexual partners of syphilis patients,7 because the
infection is almost always transmitted through sexual contact withses. Published by Elsevier Ltd. All rights reserved.
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remains unclear. There is little available information in the
literature on this important aspect of syphilis. It is thus essential
to evaluate why not all individuals are infected with syphilis after
direct sexual contact with someone suffering from the disease.
In this study, we assessed the epidemic trends and clinical
characteristics of syphilis during the period January 1999 to
September 2012. We explored the relationship between T. pallidum
exposure and the incidence of syphilis infection among the sexual
partners of patients.
2. Methods
2.1. Study sample
This retrospective study was conducted using data from the
case-based surveillance system at the STD Medical and Therapy
Center of Anhui Medical University (AHMU) in Hefei, China, which
is a the major medical institution that provides high-quality
medical services to STD patients. Outpatient visits to this center
account for the majority of total STD outpatient visits in Hefei.
Since the establishment of the center, basic information has been
collected (e.g., age, gender, occupation, and serological test results)
for each attended syphilis patient who received outpatient follow-
up. Syphilis cases were deﬁned by positive diagnostic tests, a
history of high-risk sexual behavior, and the characteristics of
clinical manifestations.9 Each patient received a non-treponemal
test (rapid plasma reagin test, RPR), followed by a treponemal test
(Treponema pallidum particle agglutination test, TPPA) to conﬁrm
the diagnosis.
From 2009 to 2011, an epidemiological investigation and
clinical characteristic analysis of syphilis patients was performed
at this center. All information was collected through face-to-face
interviews that were conducted by clinical staff. The question-
naire-based survey provided socio-demographic information
(including gender, year of birth, ethnicity, level of education,Figure 1. Flow diagram of the studyreason for visit, and risk factors) and clinical information (e.g.,
manifestations, serologic test results, and stages of syphilis). In
total, 2954 syphilis patients agreed to participate in this study and
completed the questionnaire survey for the analysis of clinical
characteristics.
We monitored sexual partners to determine whether they had
been infected after direct unprotected sexual contact with a
syphilis patient. Only those cases who met the following criteria
were included in the study: heterosexual early syphilis patients
(ESPs), 18 years or older, who were not pregnant and did not have a
connective tissue disease. Additionally, to qualify for the study,
these ESPs had to report having had unprotected sex (no condom
use) with their regular sexual partner before receiving treatment.
The early stage of syphilis is potentially infectious and includes
primary, secondary, and early latent syphilis.8,10 The primary stage
is deﬁned by a painless chancre at the site of infection. The
secondary stage is characterized by a polymorphic eruption,
lymphadenopathy, and other systemic manifestations. Early latent
syphilis is deﬁned as occurring within 1 year of infection and is an
asymptomatic stage of syphilis.8
After obtaining written informed consent from both patients
and their regular sexual partners, 535 ESPs, whose initial RPR
titer ranged from 1:4 to 1:256 and who met the enrollment
criteria, were recruited as index patients among the 2954
patients. All of their regular sexual partners underwent a clinical
examination and serologic tests upon enrollment and at 1,3,6
months or 1 year follow-up. If a patient and his or her sexual
partner tested positive for syphilis or exhibited clinical
symptoms, they were diagnosed as having a concordant syphilis
infection. However, if a patient’s sexual partner tested negative
for syphilis and exhibited no clinical manifestation, it was
considered a discordant syphilis infection. A diagram of the
study design and sampling strategy is displayed in Figure 1. The
study was approved by the institutional ethics committee of
AHMU and was conducted in accordance with the principles of
the Declaration of Helsinki. design and sampling strategy.
Figure 2. The increasing trends in syphilis at the STD Medical and Therapy Center of AHMU from January 1999 to September 2012. There was an upward trend in syphilis
infections, as observed by the proportion syphilis-positive of the total STD clinic patients. The same increasing trend was observed for male and female cases from 1999 to
2007, but the female cases gradually increased more than the male cases from 2008 to 2012.
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A descriptive analysis was conducted to determine the
statistical signiﬁcance of differences in demographic character-
istics (age, gender, and education level), clinical stage of syphilis,
initial RPR titer, and HIV co-infection. Categorical variables were
analyzed by Pearson Chi-square test or Fisher’s exact test. The rates
of infection and clinical characteristics of patients and their sexual
partners were reported as percentages. A p-value of <0.05 (two-
tailed) was used to determine statistical signiﬁcance. All statistical
analyses were conducted using SPSS version 11.0 for Windows
(SPSS Inc., Chicago, IL, USA).
3. Results
3.1. Trends in the syphilis epidemic from 1999 to 2012
During the period January 1999 to September 2012, a total of
17 211 cases of syphilis infection were recorded at the STD Medical
and Therapy Center. There were 8025 (46.7%) male syphilis cases
and 9186 (53.3%) female syphilis cases. The proportion of syphilis-
positive patients increased over the course of the 14-year study,
with a ﬁve-fold increase from 1999 and 2011 (6.1% and 30.0%,
respectively) (Figure 2). Male and female cases increased at the
same rate between 1999 and 2007. However, female casesFigure 3. The trends in syphilis cases in different age groups. Syphilis infection increased 
patients who were less than 20 years old experienced the slowest annual increase in iincreased at a greater rate than male cases from 2008 to 2012
(Figure 2). With regard to age, the highest rate of syphilis infection
was observed in the 20–29 years age group (Figure 3). In addition,
the number of syphilis cases in the other age groups also increased
over the course of the 14-year study. This ﬁnding illustrates an
upward trend in syphilis infections over the years in Hefei, China,
from January 1999 to September 2012.
3.2. Demographic and clinical characteristics of syphilis cases
An epidemiological survey was conducted among 2954 syphilis
patients (1318 male and 1636 female) from 2009 to 2011(Table 1).
The median age of patients was 35.8 years, with a range from
newborn to 89 years. Of the 2954 patients enrolled in the survey,
2485 (84.1%) were between 20 and 50 years old. Of the 1636
female patients, 42.9% of the syphilis cases were found among the
patients who were aged 20–29 years. The number of syphilis cases
among men and women in diverse age groups was signiﬁcantly
different (p < 0.0001). There was also a signiﬁcant difference in the
level of education of enrolled patients (p < 0.0001); 1624 (55%)
individuals attended only junior middle school. The initial RPR titer
did not differ between male and female patients (p > 0.05). Among
all 2954 cases, only 17 (0.6%) were co-infected with HIV. Of the
infected patients, 1955 (66.2%) were infected with latent syphilis.
All data are shown in Table 1.most rapidly among patients who were aged 20–29 years. Elders (over 50 years) and
nfection rate.
Table 1
Characteristics of syphilis patients who attended the STD clinics from 2009 to 2011
Characteristics Male, n (%)
(N = 1318)
Female, n (%)
(N = 1636)
Total, n (%)
(N = 2954)
p-Value
Race Chinese Han
Age, years
Median 38.9 33.3 35.8
Range 0–89 0–83 0–89
<15 13 (1.0%) 8 (0.5%) 21 (0.7%) <0.0001
15–19 20 (1.5%) 37 (2.3%) 57 (1.9%)
20–29 357 (27.1%) 702 (42.9%) 1059 (35.8%)
30–39 346 (26.3%) 455 (27.8%) 801 (27.1%)
40–49 324 (24.6%) 301 (18.4%) 625 (21.2%)
50 258 (19.6%) 133 (8.1%) 391 (13.2%)
Education level
Illiterate 56 (4.2%) 86 (5.3%) 142 (4.8%) <0.0001
Primary school 125 (9.5%) 191 (11.7%) 316 (10.7%)
Junior middle school 491 (37.3%) 675 (41.3%) 1166 (39.5%)
Senior/vocational high school 371 (28.1%) 471 (28.8%) 842 (28.5%)
Diploma college/university 275 (20.9%) 213 (13.0%) 488 (16.5%)
Initial RPR titer
1:4 785 (59.6%) 941 (57.5%) 1726 (58.4%) >0.05
>1:4 547 (41.5%) 681 (41.6%) 1228 (41.6%)
HIV
Positive 9 (0.7%) 8 (0.5%) 17 (0.6%) >0.05
Negative 1309 (99.3%) 1628 (99.5%) 2937 (99.4%)
Stage of syphilis
Primary 173 (13.1%) 130 (7.9%) 303 (10.3%) <0.0001
Secondary 219 (16.6%) 272 (16.6%) 491 (16.6%)
Tertiary 13 (1.0%) 22 (1.3%) 35 (1.2%)
Latent 897 (68.1%) 1058 (64.7%) 1955 (66.2%)
Neurosyphilis 16 (1.2%) 4 (0.2%) 20 (0.7%)
Syphilis with pregnancy 0 (0.0%) 150 (9.2%) 150 (5.1%)
STD, sexually transmitted diseases; RPR, rapid plasma reagin.
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The diagnoses of and test results for regular sexual partners
after sexual contacts with syphilis-positive patients are shown in
Table 2. Of the 535 regular sexual partners who agreed to
participate in this study, 330 (61.7%) had syphilis; 205 (38.3%)
were seronegative without any symptoms. Of the 330 syphilis-
positive partners, 164 (67.1%) female partners and 166 (58.7%)
male partners had syphilis. These differences were signiﬁcant at
the 5% level (p = 0.008). With regard to the different stages of
syphilis in the serologically positive, 37 of 61 (60.7%) partners were
in the primary stage, 80 of 112 (71.4%) were in the secondary stage
and 213 of 362 (58.8%) were in the early latent stage, showing no
signiﬁcant difference among the three groups (p = 0.056).
4. Discussion
Our study demonstrated an elevated epidemic trend of syphilis
in Hefei, an inland city of China, based on the surveillance data
collected at the STD Medical and Therapy Center of AHMU over the
past 14 years. The increase in the spread of syphilis that we found is
consistent with previous ﬁndings indicating that syphilis has been
increasing in most Chinese cities.3,11 According to the nationalTable 2
The ratio of infected vs. uninfected with syphilis in sexual partners
Characteristic Index patients Concorda
Sexual pa
Number 535 330 (61.7
Sex
Female 242 male index cases 164 (67.1
Male 293 female index cases 166 (58.7
Stage of syphilis
Primary 61 37 (60.7
Secondary 112 80 (71.4
Early latent 362 213 (58.8surveillance data, the reported incidence of primary and secondary
syphilis was 11.7 cases per 100 000 residents in 2009 and had
increased by 2.1 times since 2005.12 A higher syphilis case burden
may be attributable to changing sexual attitudes, the re-
emergence of prostitution, large numbers of migrants who practice
unsafe sexual behaviors, and an increase in homosexual men.
Evidence from the epidemiological trend suggests that syphilis
should be considered an important public health concern in Hefei.
There is an urgent need to improve the current surveillance system
and to develop comprehensive intervention strategies.
We found that those individuals within the 20–29 years age
group contributed to the largest increase in the proportion of the
syphilis cases from 1999 to 2012. A previous study suggested that
the elders (over 50 years) may have a higher risk of STD
acquisition.13 An increased proportion of elders who had syphilis
in our study and national epidemiological data14 support this
ﬁnding. The increasing trend among elders could be attributed to
the burgeoning aging population in China, the development of
medicines for erectile dysfunction, and the greater chance of sexual
contact with female sex workers (FSWs).6 However, the reason
why there has been a relatively smaller increase in infected
individuals aged less than 20 years might be due to the low
percentage of adolescents visiting the STD clinics.nt, infected
rtners
Discordant, uninfected
Sexual partners
p-Value
%) 205 (38.3%)
%) (female) 78 (32.9%) (female) 0.008
%) (male) 127 (41.3%) (male)
%) 24 (39.3%) 0.056
%) 32 (28.6%)
%) 149 (41.2%)
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had high school educational attainment, which may explain their
lack of awareness of how to protect themselves from risky sexual
behaviors. The lack of basic medical knowledge may have
inﬂuenced syphilis transmission and resulted in a substantial
number of syphilis patients diagnosed at a latent stage. A higher
syphilis prevalence was observed in female patients than in male
patients. For example, within the 20–29 years age group, the
percentage of female cases was higher than male cases. This
ﬁnding may be due to an increase in the number of FSWs in China,
which could explain the resurgence of syphilis.15 However,
previous studies have found that gender could inﬂuence disease
rates.16 In our study, an analysis of infection after exposure to
syphilis revealed that the infection rate of female partners differed
from the infection rate of male partners. This ﬁnding suggests that
females are more susceptible to syphilis infection than males,
which may lead to higher infection among females. In this study,
the percentage (5.7%) of syphilis–HIV co-infection was lower than
the percentage found in other studies of syphilis–HIV co-infection
in China.17 However, due to increasing rates of HIV infection
among syphilis patients, routine periodic screening among high-
risk groups is strongly recommended. It is critical for all patients
with a new diagnosis of syphilis to undergo HIV testing.18
Considering the results of this study, 61.7% of regular sexual
partners could be infected if they have unprotected sex with an
infectious syphilis patient. These data suggest that there is a high
transmission rate in syphilis contacts. Therefore, it is imperative to
take measures to prevent syphilis infection. The early detection
and treatment of syphilis cases are essential parts of syphilis
control strategies and can interrupt the transmission chain.
Contacting sexual partners, facilitated through partner notiﬁcation
services, is an effective measure to help to control communicable
diseases.
Intriguingly, a proportion (38.3%) of sexual partners remained
persistently seronegative during the study. The phenomenon
whereby not everyone exposed to an infectious syphilis case is
equally susceptible to infection is difﬁcult to explain. Early studies
of syphilis infection among European heterosexual and homosex-
ual partners found that only approximately 50% to 60% of those at
risk developed syphilis.19 If all people were equally susceptible to
infection, then statistically, these seronegative partners would be
infected with syphilis. Differences in risk factors such as safer
sexual behaviors and the forms and frequency of sexual contact
may explain this phenomenon. The incidence of other sexually
transmitted infections, such as syphilis–HIV co-infection, could
result in cases with a negative syphilis serologic test and no
apparent symptoms.20 However, in this study each pair of patients
and their sexual partners admitted that they had had unprotected
sexual contacts or rarely used condoms. In seronegative sexual
partners, none of them was infected with HIV during the follow-up
period. This may not be a chance phenomenon; why were a few
partners uninfected after direct sexual contacts? A possible
explanation is that the seronegative sexual partners could be
resistant to syphilis infection due to the existence of syphilis-
resistant genetic factors. It is also possible that a natural immune
response mediates a potentially syphilis-resistant mechanism.
People infected with T. pallidum in the early stage of syphilis
could develop a Th1 predominant local cellular response to
activate macrophages to phagocytose T. pallidum and resolve the
lesion.21,22 The major proteins of T. pallidum could induce T cells to
respond to syphilis infection with elevated reactivity.23 During the
early infection, T. pallidum could elicit a vigorous inﬂammation to
trigger an adaptive immune response.24 A typical cell-mediated
immune response could result in the local clearance and resolution
of the primary lesions.21,24 The major mechanism of T. pallidum
clearance responses is T cell inﬁltration into lesions to activatemacrophages to phagocytose opsonized T. pallidum.25 Different
syphilis infection stages suggest that the ability of the immune
response to clear T. pallidum is different among the individuals
after exposure to T. pallidum.
We speculated that a heterogeneity and variability in suscepti-
bility to syphilis infection might exist in the general population,
similar to HIV-1 infection.26 A characteristic feature of many
human infections is that only a proportion of exposed individuals
develop clinical disease. Heritable factors have long been consid-
ered to play an important role in interpreting individual variations
in susceptibility.27 Recent genome-wide association studies have
identiﬁed several genetic factors/susceptibility loci that confer risk
to infectious diseases such as HIV,28 malaria,29 and leprosy.30
These studies suggest that genetic variation among hosts plays a
key role in determining an individual’s susceptibility and
resistance to infectious disease. Genetic studies of other infectious
diseases, in turn, have highlighted the hypothesis that some
naturally unsusceptible or resistant genetic factors exist for
syphilis. Conﬁrmation of the mechanisms that determine why
some people who are exposed to T. pallidum do not develop disease
is needed to understand protective immunity against T. pallidum.
In summary, our study revealed an increasing epidemic trend of
syphilis in Hefei, China, and that this trend may continue in the
future. It is imperative to adopt effective measures to control and
prevent this disease. Further studies are needed to understand the
mechanism of syphilis-speciﬁc immune responses in highly
exposed subjects who are seronegative, which will provide new
insights into disease mechanisms and will ultimately aid in
controlling syphilis epidemics.
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